Objective It is recommended that middle-aged and elderly individuals reduce their salt intake because of the high prevalence of hypertension. The consumption of miso soup is associated with salt intake, and the reduced consumption of miso soup has been recommended. Recent studies have demonstrated that the consumption of miso soup can attenuate an autonomic imbalance in animal models. However, it is unclear whether these results are applicable to humans. This study examined the cross-sectional association between the frequency of miso soup consumption and the blood pressure and heart rate of human subjects. Methods A total of 527 subjects of 50 to 81 years of age who participated in our hospital health examination were enrolled in the present study and divided into four groups based on the frequency of their miso soup consumption ([bowl(s) of miso soup/week] Group 1, <1; Group2, <4; Group3, <7; Group4, ! 7). The blood pressure levels and heart rates of the subjects in each group were compared. Furthermore, a multivariable analysis was performed to determine whether miso soup consumption was an independent factor affecting the incidence of hypertension or the heart rate. Results The frequency of miso soup consumption was not associated with blood pressure. The heart rate was, however, lower in the participants who reported a high frequency of miso soup consumption. A multivariable analysis revealed that the participants who reported a high frequency of miso soup consumption were more likely to have a lower heart rate, but that the consumption of miso soup was not associated with the incidence of hypertension. Conclusion These results indicate that miso soup consumption might decrease the heart rate, but not have a significant effect on the blood pressure of in middle-aged and elderly Japanese individuals.
Introduction
High salt diets are well known to be associated with increased blood pressure, particularly in patients with hypertension. This condition is termed salt-sensitive hypertension (1) . Salt-induced sympathoexcitation has recently been reported to play an important role in its development (2, 3) . A reduced salt intake is therefore highly recommended for the prevention and treatment of hypertension. Miso (traditional Japanese soybean paste) is currently one of major sources of daily salt intake in the general Japanese population (4) , and it has been recommended that individuals reduce their consumption of miso. On the other hand, miso has been reported to attenuate salt-induced hypertension in a model of salt-sensitive hypertension (5) . We also reported that the habitual consumption of miso soup prevented saltinduced sympathoexcitation by reducing the autonomic im-balance in mice (6, 7) . Miso, which is made from several fermented cereals, including soy beans, and soy protein, is reported to inhibit angiotensin converting enzyme (ACE) activity (8) . The angiotensin system has a strong impact on blood pressure, including salt-sensitive hypertension. Numerous studies have demonstrated that the blockade of ACE activity reduced blood pressure and sympathetic activity (9) (10) (11) . Miso is therefore thought to be able to decrease blood pressure and sympathetic activity via the inhibition of ACE activity.
Based on the results of previous studies, we expected that the habitual consumption of miso soup might have preferable effects on blood pressure or the heart rate by reducing the autonomic imbalance in humans. To test this hypothesis, we examined the cross-sectional association between the frequency of miso soup consumption and blood pressure or heart rate using data obtained from the health examinations of 527 middle-aged and elderly Japanese individuals. The frequency of miso soup consumption was examined using a self-reported questionnaire, and the study participants were classified into four groups ([bowl(s) of miso soup/week] Group 1, <1; Group2, <4; Group3, <7; Group4, ! 7). The blood pressure of the participants was measured using a sphygmomanometer, and the heart rate was evaluated based on an electrocardiogram that was obtained during a health examination in our hospital from October 2015 to March 2016. The blood pressure levels and heart rates of the subjects in each group were compared. In addition, a multivariable analysis was used to determine whether or not miso soup consumption independently associated with the incidence of hypertension or the heart rate. Age, gender, body mass index (BMI), smoking habit, the ratio of the patients with anti-hypertensive treatment, hemoglobin A1C (HbA1C), and estimated glomerular filtration ratio (eGFR) were evaluated as a priori identified covariates.
Materials and Methods

The study participants
This study was performed in accordance with the Declaration of Helsinki, Japanese privacy protection laws and the ethical guidelines for epidemiological studies established by the Ministry of Education, Science and Culture and the Ministry of Health, Labour and Welfare. This study also received approval from the Committee on Ethics of Clinical Research, Japan Community Healthcare Organization Kyushu Hospital (No. 389).
A cross-sectional study was performed of the middle-aged and elderly participants (50-81 years of age) who underwent a health examination at our hospital from October 2015 to March 2016. All of the participants gave their consent for the use of the self-reported questionnaire. The study participants completed the self-reported questionnaire regarding their medical history, the medicines that they were taking and their smoking history (smoking score: non-smoking, 0; past smoking, 1; current smoking, 2). In addition, we also examined their frequency of miso soup consumption, the type of miso that they consumed (red, white, or combined), the main raw material of the miso (wheat, rice, soybean, or combined), and whether they used low-sodium miso. The patients were then divided into four groups according to the frequency of miso soup consumption (Group 1, <1 bowl of miso soup/week; Group 2, <4 bowls/week; Group 3, <7 bowls/week; Group 4, ! 7 bowls/week).
The measurement of the characteristics of the study participants
Trained staff measured the height and weight of the subjects. The BMI was calculated as follows: BMI=weight (kg)/height 2 (m 2 ). Serum was collected to examine the subjects' HbA1C, eGFR, and total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL) and HbA1C levels and the eGFR.
The measurement of blood pressure and heart rate
The subjects' blood pressure was measured by skilled staff members using an automated-sphygmomanometer; their heart rate was evaluated using a 12-lead electrocardiogram. Hypertension was defined based on the presence of high blood pressure (a systolic blood pressure of >140 mmHg or a diastolic blood pressure of >90 mmHg) or a medical history of anti-hypertensive treatment. The definition of a higher heart rate was based on a value that was above the average heart rate of whole study population. The subjects were also divided into 3 groups based on their heart rate (lower quartile, interquartile rage [IQR], upper quartile).
Statistical analysis
The differences in variables across Groups 1-4 were examined using an analysis variance (ANOVA) and compared using Tukey's multiple comparison test (continuous variables) and the chi-squared test (categorical variables). A multivariable analysis was performed to determine whether or not the frequency of miso soup consumption was an independent factor that affected the incidence of hypertension or the heart rate (the incidence of a higher relative heart rate). Age, gender, BMI, the ratio of patients with antihypertensive medication, smoking habit, eGFR, and HbA1C were evaluated as a priori identified covariates in the multivariable analysis.
All of the values were expressed as the mean ± SD. Twotailed p values of <0.05 were considered to indicate statistical significance. All of the statistical analyses were performed using the EZR software program (Saitama Medical Center, Jichi Medical University) (12) , which is a graphical user interface for the R software program (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is modified version of R commander that is designed to add the statistical functions that are frequently used in biostatistics. 
Results
The participant characteristics Table 1 summarizes the characteristics of the 527 participants in the study population. The mean (SD) age of the study participants was 60.4 (6.9) years. More than half of the study participants (57.7%) were men and 26.2% were using anti-hypertensive medications. The percentages of patients in Groups 1 (<1 bowl of miso soup/week) 2 (<4 bowls/week), 3 (<7 bowls/week) and 4 (! 7 bowls/week) were 19.9%, 35.7%, 33.6% and 10.8%, respectively. The mean (SD) systolic blood pressure was 130.1 (17.9) mmHg, the mean diastolic blood pressure was 80.3 (11.6) mmHg, and the mean heart rate was 63.6 (9.6) bpm. As a result, a relatively higher heart rate was defined as >63 bpm. After determining the median heart rate (62.5 bpm, IQR 57.0-68.0) the participants were divided into 3 groups according to the quartile of their heart rate (lower quartile, <57 bpm, IQR; 57-68 bpm, upper quartile: >68 bpm).
The association between miso soup consumption and the a priori identified covariates Table 1 (G1-G4) shows the characteristics of study participants classified according to the frequency at which they consumed miso soup. The mean (SD) age of the study participants in Groups 1-4 was 59.4 (6.8), 59.6 (6.6), 60.6 (6.3) and 64.1 (8.1), respectively. The subjects in Group 4 were older than those in the other groups. The percentage of male participants in Groups 1-4, was 66.7%, 51.6%, 58.8% and 57.9%, respectively. With regard to the other variables, the BMI values, gender, smoking habits (score), the TC, TG, LDL, HDL and HbA1C levels, the eGFR and the ratio of patients taking anti-hypertensive medications were similar among the four groups. Furthermore, there were no differences among the groups with regard to the ratio of the patients taking medications to treat diabetes mellitus and dyslipidemia. We found no differences among the groups regarding the type of miso that the subjects consumed (red, white, or combined), the main raw material of miso (wheat, rice, soybean, or combined), and the use of low-sodium miso ( Table 2 ).
The association between miso soup consumption and blood pressure
There were no significant differences in the blood pressure of the subjects in the four groups. [(systolic blood pressure/diastolic blood pressure), Group 1, 130.5±17.4 mmHg; Group 2, 131.2±18.4 mmHg; Group 3, 129.9±17.8 mmHg; Group 4, 126.7±17.9 mmHg; p=0.395] (Figure) . A multivariable analysis after adjusting for the a priori identified covariates [including age, gender, BMI, smoking habit (score), the eGFR and the HbA1C level] failed to show a relationship between the frequency of miso soup consumption and the incidence of hypertension (odds ratio 1.070, 95%CI 0.867-1.320, Table 3a ). The difference in the type of miso and the main raw material of miso had no impact on the subjects' blood pressure (Table 4a ).
The association between miso soup consumption and the heart rate
Although the blood pressure of the subjects' was unaffected, the heart rate of the participants who reported a high frequency of miso soup consumption was lower than that of the participants who reported a lower frequency of miso soup consumption (Figure) . Furthermore, a multivariable analysis after adjusting for a priori identified covariates [including age, gender, BMI, smoking habit (score), and the ratio of the patients with anti-hypertensive treatment, the eGFR, and the HbA1C level] showed that the subjects who reported a high frequency of miso soup consumption were more likely to have a lower heart rate (odds ratio 0.795, 95%CI 0.652-0.968, Table 3b and c). The difference in the type of miso and the main raw material of the miso had no impact on the heart rate (Table 4b) .
Discussion
The present study demonstrated a negative relationship between the frequency of miso soup consumption and the heart rate of middle-aged and elderly Japanese subjects. The subjects who reported a high frequency of miso soup consumption had a lower heart rate. In addition, after adjusting for a priori identified covariates, a multivariable analysis revealed that the frequency of miso soup consumption was independently associated with the heart rate. These results indicate that the habitual consumption of miso soup may be independently associated with the heart rate of middle-aged and elderly Japanese individuals.
The heart rate is a useful marker of the autonomic balance (13) . An increased heart rate indicates high sympathetic activity and/or low parasympathetic activity, the so-called sympathetic nerve predominant state. In this study, we found that the participants who reported a high frequency of miso soup consumption had a lower heart rate, and that the high frequency of miso soup consumption was independently associated with a lower (below the average) relative heart rate. We previously demonstrated that miso soup attenuated the sympathetic nerve predominant state in mice through the direct and specific effects of miso on the autonomic function, blood pressure and heart rate (6, 7). We therefore thought that the habitual consumption of miso soup could alter the autonomic balance, resulting in a decrease in the heart rate. The present study was, however, designed as a crosssectional study. We should therefore avoid claiming the existence of a causal relationship. Further studies will be needed to clarify the relationship between the habitual consumption of miso soup and the heart rate.
Generally, 1 bowl of miso soup contains 1 gram of salt and an increase in dietary salt intake is well known to contribute to the elevation of blood pressure (14) . Thus, the moderate consumption of miso soup was recognized as being important in the prevention and treatment of hypertension. Reducing the consumption of miso soup was also reported to be an effective approach for decreasing the dietary salt intake in the general Japanese population (4). These results suggest the possibility that the habitual consumption of miso soup can lead to increased blood pressure. However, we did not observe a positive correlation between miso soup consumption and blood pressure elevation (or increases in the incidence of hypertension) in the present study. These results are consistent with those of a previous epidemiological study that revealed that miso soup consumption was not related to blood pressure (4). These results indicate that miso might not be involved in salt-induced blood pressure elevation. Miso was reported to have the potential to inhibit ACE activity (8) . In addition, several studies have demonstrated that miso soup consumption attenuated salt-induced hypertension (5, 15) . Although the findings obtained from these studies support the results of our study, further studies will be needed to clarify the detailed mechanisms underlying the absence of a relationship between miso soup consumption and blood pressure.
We successfully demonstrated the effects of the habitual consumption of miso soup on the heart rate. The heart rate that is observed with miso soup consumption might result from the alteration of the autonomic balance because miso has been reported to improve autonomic balance in mice (6, 7). The autonomic balance has an impact on blood pressure, and reduced sympathetic activity is expected to result in decreased blood pressure and a decreased incidence of hypertension. However, we were not able to demonstrate a decrease in blood pressure according to the frequency of miso soup consumption. The participants in the present study were undergoing a health examination. Most of the participants did not have hypertension. Thus, it might have been difficult to observe the effects of the alteration of the autonomic balance on the blood pressure in the participants of the present study.
There present study is associated with several other limitations. First, the data regarding the frequency of miso soup consumption were self-reported, and there were some concerns with regard to the accuracy of the data. Second, the actual daily sodium intake (miso soup sodium concentration) was not evaluated in the present study. In the present study, the participants were undergoing a the examinee of health examination, and the items that were investigated were limited. Thus, we could not evaluate items that reflected the daily sodium intake, such as urinary sodium excretion. Although we confirmed that there were no differences among the groups regarding the use of low-sodium miso, it would be necessary to evaluate the actual salt intake to strengthen the results of this study. Third, with the exception of the subjects' miso soup consumption habits, we did not examine the eating habits of the subjects in the present study. Thus, it is possible that there was another cause of the decreased heart rate. Fourth, all of the participants in the present study underwent a health examination. As a result, there may have been a selection bias. Fifth, it is possible that additional covariates (other than the a priori identified covariates) existed, such as socioeconomic status. Finally, the present study had a relative small sample size. Although further studies will be needed to clarify the direct effects of the habitual consumption of miso soup on the blood pressure and heart rate (including the autonomic balance), this is the first study to demonstrate that the heart rate of middle-aged and elderly Japanese individuals who had a habit of consuming miso soup was lower than the heart rate of those who did not.
In conclusion, miso soup consumption might decrease the heart rate but not have significant effect on blood pressure in middle-aged and elderly Japanese individuals.
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